Objective: Spontaneous celiac artery (CA) dissection without associated aortic dissection is a rare condition. Although this condition has been diagnosed more frequently with the advent of improved diagnostic imaging modalities, its pathogenesis and treatment strategy remain to be established. The present study examined the clinical features and outcomes of conservative management of this disease.
Spontaneous dissection of the celiac artery (CA) without associated aortic dissection is uncommon. Although reports of this disease have been increasing owing to improved imaging modalities, such as computed tomography (CT) and ultrasound imaging, its etiology and risk factors remain unclear. Most patients can be managed conservatively; however, surgical or endovascular intervention may be necessary in patients with aneurysmal degeneration of the CA, hemorrhage, or persistent symptoms. [1] [2] [3] Although recent literature suggests favorable outcomes after medical treatment, no established therapeutic guideline exists because of the rarity of this disease. The long-term prognosis of this disease also remains unknown. In this study, we describe the clinical characteristics of the disease and the outcomes of its treatment, based on our experiences at our institution. We also discuss the pathogenesis, diagnosis, and optimal therapeutic strategy of this condition, based on a comprehensive review of the relevant literature.
METHODS
Twelve consecutive patients (10 men and two women) were diagnosed with spontaneous CA dissection, without associated aortic dissection, at Tokyo Metropolitan Tama Medical Center between 2007 and 2015. The diagnosis of the disease was established by contrastenhanced CT findings. All patients initially underwent conservative medical treatment. The first follow-up CT was usually performed at 1 month after the diagnosis for symptomatic patients whose conditions were stable and at 3 months for asymptomatic patients. Regular surveillance using ultrasound imaging or CT was performed every 3 to 12 months thereafter. Patient records were reviewed, and the characteristics and clinical courses of the patients were analyzed, including their Additional material for this article may be found online at www.jvascsurg.org.
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RESULTS
The profiles of the patients are summarized in Table I . The age at the time of diagnosis was 56.4 6 10.4 years (range, 42-77 years). Eight patients presented with abdominal or back pain, which includes three patients with postprandial abdominal pain, and the remaining four patients were asymptomatic and diagnosed incidentally on CT that had been performed for other reasons. Four patients had a history of hypertension, 1 had a history of pancreatitis, and 6 had a history of smoking.
CT imaging showed celiac trunk compression by the median arcuate ligament in two patients (Fig 1) . The dissection extended into the common hepatic artery (CHA) in one patient and into both the CHA and splenic artery (SA) in four patients. Stenosis at the origin of the CHA was noted in another two patients and at the origin of the CHA and SA was noted in another patient. The dissection of the CA was limited to the celiac trunk in the other four patients. Concomitant dissection of the superior mesenteric artery (SMA) was found in two patients and that of the common iliac artery was found in one patient.
Associated retroperitoneal hemorrhage was observed in two patients, but the bleeding point could not be identified in either patient on CT (Fig 2) . Partial splenic infarction was detected in three patients with concurrent SA dissection, and transient mild elevations of serum levels of hepatic enzymes were detected in two patients.
All patients were treated conservatively. Two symptomatic patients received anticoagulation and antiplatelet therapy, including heparin infusion for 3 to 4 days and aspirin administration for 1 to 12 months. Antihypertensive medication was newly started in three symptomatic patients who did not have a history of hypertension. For most of the symptomatic patients, pain resolved #2 weeks; however, mild epigastralgia persisted for 2 months in one patient. The two patients with associated retroperitoneal hematoma remained hemodynamically stable, and follow-up CT demonstrated no sign of recurrent bleeding in either patient. Partial splenic infarction and elevations of hepatic enzymes were also treated successfully by conservative management without sequelae.
The mean follow-up period was 35.5 6 30.0 months (range, 5-101 months). No patients were lost to followup. One patient experienced distal extension of the dissection into the CHA and SA, which presented with recurrent abdominal pain 6 days after the initial symptom. The distal extension was also managed conservatively. No aneurysmal degeneration of the CA was observed in the course of regular surveillance using ultrasound imaging or CT during the follow-up period. Compared with measurements based on the initial CT scan, the diameter of the CA decreased in five of the symptomatic patients and in one of the asymptomatic patients and remained unchanged in the other three symptomatic patients and three asymptomatic patients. No patient required endovascular or surgical treatment.
DISCUSSION
Spontaneous splanchnic artery dissections are rare clinical occurrences, among which spontaneous CA dissections are even less common. A review by Garrett 4 found the number of reported cases of spontaneous CA dissection was about five times less than that of SMA dissection. Spontaneous CA dissection has become better recognized as improved-resolution diagnostic imaging methods, such as multidetector CT, have become widespread. However, most articles on spontaneous CA dissection have been case reports or have discussed visceral artery dissection together with SMA dissection, leaving the clinical features of the disease unshaped. We searched the English literature on PubMed using the search term "celiac artery dissection" and identifiedthe Middle East. Table II summarizes the profiles of the previously reported cases. The mean age at diagnosis was 52.7 years, and w80% of the reported patients were men. Our series of patients had similar features: the mean age at diagnosis was 56.4 years, and 10 of the 12 patients were men.
The pathogenesis of spontaneous CA dissection remains to be clarified. Our literature review demonstrates that atherosclerotic risk factors, such as hypertension and smoking history, are not necessarily associated with a high rate. Only one-third of the patients in our series had hypertension, and one-half had a history of smoking. The symptoms of spontaneous CA dissection commonly occur during or after a meal, 6, 28, 35 as was observed in three of the patients from our series. Previous reports have demonstrated that blood flow and blood velocity rapidly increase in the CA after the start of a meal. 40 This hemodynamic change may partly explain the development of CA dissection. Three reported cases of spontaneous CA dissection occurred during weight lifting or weight training, suggesting that a rapid rise of arterial pressure after strenuous exercise could be a causative factor. 11, 18, 38 However, several authors have indicated that celiac trunk compression by the median arcuate ligament might be a predisposing factor for CA dissection. 24, 28 We observed CA compression in two of our patients, possibly indicating that it might contribute to the development of spontaneous CA dissection, but the causal association is difficult to determine. Most of the reported patients were diagnosed using contrast-enhanced CT. For patients in whom it is difficult to establish the diagnosis using CT, magnetic resonance angiography and endoscopic ultrasound imaging have been shown to be useful. 21, 22 The involvement of branch arteries is not uncommon. However, stenosis or occlusion of the CA and its branches rarely leads to severe ischemic complications in the distal organs and does not require surgical or endovascular intervention in most patients because the organs are usually revascularized by sufficient collateral flow. 1, 8, 13, 17 As described in the literature, most cases associated with splenic infarction or acute pancreatitis can be successfully treated using conservative management. [5] [6] [7] [8] 10, 11, 16, 25, [33] [34] [35] In the present series, extension of the dissection into the CHA or SA was observed in five of the 12 patients, but associated splenic infarction and liver dysfunction could be managed medically. Schaeffer et al, 27 however, reported multiple organ ischemia and concomitant septic shock after spontaneous CA dissection, suggesting that careful observation is needed.
Intraperitoneal or retroperitoneal hemorrhage is another critical complication. Associated retroperitoneal hemorrhage occurred in two of our patients. The patients were hemodynamically stable, we treated them without surgical or endovascular intervention, and favorable outcomes were obtained. Few reports have documented the medical management of hemorrhagic complication of spontaneous CA dissection. There are six previously reported cases of CA dissection that resulted in hemorrhage. Rupture of the SA was the cause of hemorrhage in two patients, whereas the source of bleeding was not identified in three patients and was not documented in one report. 1, 13, 19, 25, 29, 32 Three of the six patients underwent endovascular treatment in the acute stage: one because of hemorrhagic shock and the other two because of progressively worsening anemia. 1, 29, 32 Among the remaining three patients with hemorrhage, immediate open surgical 14, 30 Open surgical interventions in the chronic phase were performed in seven patients because of aneurysm formation. 3, 5, 9, 12, 14, 36, 37 Revascularization of the CA or its branches, with or without CA resection, was performed in seven patients, and ligation of the SA was performed in one patient. Endovascular treatments in the acute phase were performed in 10 patients for persistent pain, including stenting in seven and embolization in three. [1] [2] [3] 17, 20, 21, 26 Endovascular treatments in the acute phase administered to the three patients with intraperitoneal or retroperitoneal hemorrhage (as mentioned above) included stent grafting in two and embolization in one. 1, 29, 32 Endovascular interventions in the chronic phase were performed for aneurysmal degeneration in four patients, which included stenting in 1 patient, stent grafting in 1, and embolization in 2. initially be performed at 1 month after the first episode and every 3 to 12 months thereafter for a long period. The present study has some limitations. Because of its retrospective design, all patients were not treated according to a standardized protocol. Further, the number of included patients was small, and the follow-up period was insufficient, even though it was longer than the follow-up periods of most previous studies. Additional studies are necessary to establish the clinical features and optimal therapeutic management of the disease.
CONCLUSIONS
If the general condition of the patient remains stable, without signs of severe ischemic complications or ongoing hemorrhage, then conservative medical treatment can be considered the management option of choice in most cases of spontaneous CA dissection, as recent literature suggests. Anticoagulation or antiplatelet therapy may not be necessary in most patients with this condition. Long-term follow-up is important to rule out the development of aneurysmal degeneration. 
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